The Response Surface Methodology (RSM) has been applied to explore the thermal structure of the experimentally studied catalytic combustion of stabilized confined turbulent gaseous diffusion flames. The Pt/γAl 2 O 3 and Pd/γAl 2 O 3 disc burners were situated in the combustion domain and the experiments were performed under both fuel-rich and fuel-lean conditions at a modified equivalence (fuel/air) ratio (Ø) of 0.75 and 0.25 respectively. The thermal structure of these catalytic flames developed over the Pt and Pd disc burners were inspected via measuring the mean temperature profiles in the radial direction at different discrete axial locations along the flames. The RSM considers the effect of the two operating parameters explicitly (r), the radial distance from the center line of the flame, and (x), axial distance along the flame over the disc, on the measured temperature of the flames and finds the predicted maximum temperature and the corresponding process variables. Also the RSM has been employed to elucidate such effects in the three and two dimensions and displays the location of the predicted maximum temperature.
Introduction
Catalytic combustion of various hydrocarbon fuels over noble metals addresses the interaction between homogeneous and heterogeneous reactions and it is par-ticularly attractive for the latest power generation technologies aiming at mitigating greenhouse CO 2 emissions [1] . Catalytic combustion methodologies are increasingly explored in the last years due to their enhanced combustion stability at very fuel-lean equivalence ratios and the resulting ultra-low NOx emissions [2] [3] . Catalytic-rich combustion is of interest not only for natural gas but also for hydrogen and syngas fuels. In this case the catalyst does not only have a prime catalytic partial oxidation function, but also acts as a preheater and stabilizer for subsequent homogeneous combustion zone [4] [5] . Progress in catalytic combustion depends crucially on advances in catalyst technology and in multi-dimensional modeling for reactor design [6] .
Recently the catalytic combustion has been dealt with numerically. Lucci et al. [6] investigated the turbulent catalytic combustion of a fuel-lean hydrogen/air mixture by means of three-dimensional direct numerical simulation (DNS) in a platinum-coated plane channel. Schultze et al. [7] investigated experimentally and numerically employing two-dimensional model the hetero/homogeneous combustion of hydrogen/air mixture over Pt at stochiometries: 2.0 ≤ Ø ≤ 7.0 at 1.0 bar ≤ p ≤ 5 bar. Moreover Schultze & Mantzaras [3] employed two-dimensional numerical simulations models to deal with the physicochemical processes during the fuel-lean and fuel rich catalytic combustion of hydrogen/air mixtures in platinum-coated channels. Zheng et al. [2] investigated experimentally and numerically the homogeneous combustion of fuel-lean syngas mixtures over platinum at elevated pressures and preheats. Yan et al. [8] studied the numerical of effect of wall parameters on catalytic combustion characteristics of CH 4 /air in a heat recirculation micro-combustor made of different materials. Arani et al. [1] carried out three-dimensional direct numerical simulations (DNS) with detailed heterogeneous and homogeneous chemistry and transport to investigate the turbulent combustion of fuel-lean hydrogen/air mixtures in a platinum-coated channel with prescribed wall temperatures.
The present study analyzes mathematically through Response Surface Modeling (RSM) and optimization the previously reported experimental data of thermal structure of catalytic stabilized confined turbulent gaseous diffusion flames over Pt/γAl 2 O 3 and Pd/γAl 2 O 3 catalytic disc burners under fuel-rich and fuel-lean conditions [9] .
The RSM has been utilized to study the effect of two different operating factors, specifically the radial distance from the center line of the flame (r) and axial distance lengthwise the flame over the disc (x) on the mean radial temperature profiles of the established stabilized flames. Also RSM has been utilized to demonstrate such effects in the three and two dimensions and shows the location of the predicted optimum maximum temperature for the scrutinized catalytic disc burners under fuel-rich and fuel-lean conditions.
Experimental
Details of the experimental setup and the data investigated in this study have 
Response Surface Models
Assuming all variables to be to be independent; continuous; measurable and controllable by experiments with negligible errors, the correlation between the response y and independent variables 1 2 , ,..., k ξ ξ ξ could be represented by the following equation [20] :
The form of the true response function f is unidentified and perhaps very complex and ε is a term that represents a random experimental error not ac-counted for in f assumed to have a zero mean. The variables 1 2 , ,. 
Frequently, a low-or second-order polynomial model is proper [11] [12] [20] .
The relationship between the coded variables and the response is modeled, in this study, by modifying the experimental data to a second-order polynomial, which is suitable for studying the interaction effects of process parameters on the response, according to the following equation [19] :
where, Y is the response variable; i X and j X are the coded input variables that affect the response variable and ε denotes the random error or uncertainties between predicted and measured values [22] . k is the number of variables, and In order to estimate the unknown parameters in model (3), a series of experiments have been executed in each of which the response y is measured for identified settings of the control variables that result in a maximum or a minimum response over a certain region of interest [9] .
Ordinary Least Squares (OLS) method that diminishes the variance of the balanced estimators of the coefficients has been performed to evaluate the coefficients of the equation. It assumes that the random errors are identically distributed with a zero mean and a common unknown variance and they are independent of each other [14] . Removing unimportant coefficients for terms which did not affect the response, OLS method has been applied for the model without them. The final model contains only substantial parameters (with p-value < 0.05) [26] . To guarantee that the equation fits the data well, the suitability of the "fitted" equations has been assessed through the following indicators [27] [28]
[29] [30] .
Regression Statistics
Coefficient of determination R 2 : It is a measure of the ability of the regression equation to estimate the real response data. It also explains the overall predictive Average absolute deviation (AAD) is a sign of the goodness of fit of the equation and a straight method for describing the deviations. The AAD is estimated by the following equation:
Prediction Statistics
where 
Residuals Analysis
Graphical residual analysis should be performed to legalize the assumptions involved in the ANOVA of a normal residuals distribution (the normal probability plot vs studentzed residuals will be like a straight line) and homogeneity of the variance (structure less plot of studentized residuals vs. run time or the predicted response) [24] [33] [35] . World Journal of Engineering and Technology
Application of RSM to the Present Work
The following formulas have been employed to calculate the coded factors of (r) and (x):
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where: r: radial distance from the center line of the flame (mm); x: Axial distance along the flame over the disc (mm).
In the present work the following equation has been applied employing the above formulas (5) for coding the factors:
To establish the correlation between dependent response and independent variables numerous mathematical models have been suggested. A suitable power transformation to the response data could be recognized using the Box-Cox method for normalizing the data or equalizing its variance [31] [33].
Box-Cox Method (BC)
An appropriate power transformation λ for the data is established on the rela-
λ is calculated using the experimental given data such that This method has been exploited and the results are portrayed in Figures   1(a)-(d) and Table 1 . The values of the sqrt (T) of the mean experimental temperature T dependent variable cited in [9] have been employed to represent the response Y in Equation (6).
Results and Discussions
The regression has been accomplished by means of Microsoft Excel 2010 and Matlab 8.1 to estimate the coefficients of Equation (6) The values of only the important coefficients of Equation (6) beside the corresponding low values of p < α = 0.05, small Standard Error and large t-Stat are depicted in Table 3 . The very small coefficients limits in comparison with their corresponding ones which mean that they do not span the zero as a value for the parameter ensures the reliability of recognized equations for prediction for new data [18] . The empty cells belong to the excluded non-significant coefficients.
The positive sign in front of the model terms indicates synergistic effect while the negative sign indicates antagonistic effect of the independent variables [39] .
The quadratic terms in Equation (6) indicate the occurrence of curvatures.
The negative signs for This means that the temperature increases with an increase in X up to a maximum value beyond which the temperature decreases with further increase of the distance above the disk [21] . The temperature always decreases with the increase of radial distance from the center line of the flame. This is more pronounced for the case of FL Pt as it has the largest value of T. S. Gendy et al. The evidence for the validity of the regression models and their high capability to forecast the response has been affirmed in the high correlation between the experimental data and predicted values (R 2 > 0.9) exposed in Figures 2(a) -(c)
[29] [38] . The straight line of the normal probability plot of the studentized residuals in Figures 3(a)-(d) implies the normal distribution of errors [24] . The structureless pattern in the plots of the studentized residuals versus run number or predicted response (Figure 4 & Figures 5(a)-(d) ) indicate the satisfaction of the equation models and the absence of any violation of the independence or constant variance involved in the ANOVA assumptions [24] [33] [35] .
Equation Models in Terms of Natural Factors
OLS method also has been utilized to explore the relation between the response variable and the natural independent variables. The following equations have been attained for the fuel rich (FR) and fuel lean (FL) cases: 
Optimization
An optimization process has been performed for the above presented Equations 
Conclusion
The response surface methodology (RSM) with the aid of Box-Cox method has 
